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Introduction: to assess the outcome of endovascular aortic aneurysm repair (EVAR) using intravascular ultrasound
(IVUS) without angiography.
Materials/methods: eighty consecutive patients (median age 69 years (range 25±90): male 72 (90%), female 8 (10%))
underwent endovascular aneurysm repair (AAA 68 (85%), TAA 12 (15%)) using either angiography in 31/80 patients
(39%) or IVUS in 49/80 patients (61%) in accordance to the surgeons preference.
Results: hospital mortality was 2/80 (3%), 1/68 for AAA (2%), 1/12 for TAA (8%), 2/31 for angiography (7%), and 0/49
for IVUS (0.0%: NS). Median quantity of contrast medium was 190 ml (range: 20±350) for angiography versus 0 ml for
IVUS (p5 0.01). Median X-ray exposure time 24 min (range 9±65 min) versus 8 min (range 0±60 min) for IVUS
(p5 0.05). No coverage of renal or suprarenal artery orifices occurred in either group. Conversion to open surgery was
necessary in 4/80 patients (5%), 1/31 for angiography (3%) and 3/49 patients for IVUS (6%: NS). Early endoleaks were
observed in 13/80 patients (16%): 8/31 patients for angiography (26%) versus 5/49 for IVUS (10%: p5 0.05): 5/13
endoleaks resolved spontaneously (39%) whereas 8/13 (61%) required additional procedures.
Conclusions: IVUS is a reliable tool for EVAR. In most cases, perprocedural angiography is not necessary.
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Over the years, all components required for endovas-
cular aneurysm repair (EVAR) have been thinned out
progressively including stents, coverage, and intro-
ducers. However, work-up for endovascular aneu-
rysm repair, the perprocedural assessment of the
landing zones, and the implantation procedure of cov-
ered stent-grafts, have not changed much since the
beginning of EVAR. This may change with routine
use of intravascular ultrasound (IVUS)1,2 providing
real time read out of luminal vascular dimensions,3 in
combination with identification of vessel branches,4
and simultaneous possibility of vessel wall analyses.
Objective of the present study was to assess the out-
come of endovascular abdominal aortic aneurysm
(AAA) and thoracic aortic aneurysm (TAA) repair
using either perprocedural angiography or IVUS for
target site identification, landing zone measurement,
device positioning, assessment of endovascular repair,
and troubleshooting. Please address all correspondence to: L. K. von Segesser, Depart-
ment for Cardiovascular Surgery, Centre Hospitalier Universitaire
Vaudois, CHUV, Rue du Bugnon 46, CH-1011 Lausanne,
Switzerland.
Presented at ESVS 2001 in Lucerne.
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Eighty consecutive patients (median age 69 years
(range 25±90): male 72 (90%), female 8 (10%)) under-
went endovascular aneurysm repair (AAA 68 (85%),
TAA 12 (15%)) using either perprocedural angio-
graphy in 31 (39%) patients or IVUS in 49 (61%)
patients in accordance to the surgeons preference
(4 surgeons working in two teams, one relying on
angiography the other on IVUS).
Patient work-up and preparation
At the beginning of this series, all patients underwent
at least CT-scan and calibrated angiography in
order to assess the true extension of the aneurysm,
the quality of the aneurysm necks, the diameters and
quality of the access vessels. However, increasing
confidence with perprocedural IVUS brought us to
accept for endovascular aneurysm repair a significant
number of patients with either angiography or
CT-scan only.
All patients were prepared in supine position for
standard aneurysm repair including fluoroscopy.
General anesthesia was routine, but local anesthesiall rights reserved.
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high risk patients. In accordance to the surgeons pre-
ference either angiography including an injection
pump for contrast medium or IVUS was prepared
for perprocedural imaging.
Surgical access
For short abdominal aortic aneurysms and thoracic
aortic aneurysm which were to be repaired with
straight covered stent-grafts, one common femoral
artery was prepared in most cases and used for all,
preimplantation angiography or IVUS, introduction of
the device and postimplantation repair assessment.
However, in some patients the left subclavian artery
was accessed for introduction of a subclavia to fem-
oral traction wire or in some thoracic aortic aneurysms
for identification of the proximal landing zone or the
position of an endovascular stent-graft by an IVUS-
catheter introduced through the subclavian artery.
For abdominal aortic aneurysms requiring bifurcated
endovascular stent grafts (the vast majority), both
common femoral arteries were prepared, and a guide-
wire was positioned in the abdominal aorta through
an introducer positioned in each femoral artery.
Landing zone identification was performed either by
angiography or IVUS prior to the implantation of the
endovascular stent-grafts which was routinely
performed over extra-stiff guidewires.
Endovascular aortic aneurysm repair using
angiography
If angiographic assessment was selected, target site
identification was performed in routine fashion after
introduction of an angiography catheter over a guide-
wire and connection to an injection pump. Injection of
contrast medium was performed at the approximate
level of the renal arteries and stored on the second
screen of a digital fluoroscope. The lowest renal artery,
the landing zone, the beginning of the aneurysm, the
end of the aneurysm and the distal landing zone were
identified by playback if necessary. The endopros-
thesis was introduced and positioned at the predeter-
mined level under fluoroscopic control. After device
unloading, and balloon dilatation if necessary, similar
steps were realized for multisegmental devices and a
control angiography was performed for perproce-
dural identification of potential endoleaks, and/or
stenoses. Whenever possible, immediate trouble-
shooting was attempted in order to achieve complete
primary repair whenever possible.Eur J Vasc Endovasc Surg Vol 23, June 2002Endovascular aortic aneurysm repair using IVUS
IVUS was realized with an intravascular ultrasound
system (Clearview Ultra, Boston Scientific, La
Garenne, France) including post-processing for 3-D
reconstruction (Endoplaq, Boston Scientific, La
Garenne, France). Two types of disposable IVUS
probes were used: a 6F, 12.5 MHz probe (Sonicath
Ultra 6, 12.5 MHz Imaging Catheter, Medit-tech,
Watertown, MA, U.S.A.) providing a cross-sectional
view with 80 mm of diameter and a 10F, 9 MHz
probe (Sonicath ICE, 9 MHz Imaging Catheter,
Medit-tech, Watertown, MA, U.S.A.) providing a
cross-sectional view with 160 mm of diameter.
Slightly different navigation techniques were neces-
sary for the two IVUS catheters used as a function of
their design and diameter. The 6F, 12.5 MHz probe has
a soft tip which allows to be used in monorail fashion
over a guidewire. Hence for initial evaluation we
insert this device through a 10F introducer (Arrows,
Reading, PA, U.S.A.) that can be used with various
angled catheters (e.g. Boston Scientific, Medi-tech,
Watertown, MA, U.S.A.: Cyber MP1 8F 55 cm) which
accept this IVUS probe. The 10F, 9 MHz probe which
covers a larger cross-sectional area, has no feature,
that allows its use in conjunction with a guidewire.
Hence, we opted for its use with a long 11F malleable
valved-sheath introducer set (Arrows, Reading, PA,
U.S.A.: 11F, 65 cm) that can be inserted with a remov-
able dilator, and accepts simultaneously a 10F IVUS
probe as well as a 0.034 guidewire. This equipment
allows to advance the IVUS probe within the sheath,
to remove the sheath partially in order to free the
imaging catheter tip, and to proceed to (motorised)
IVUS pullback for image acquisition. If the IVUS
probe has to be advanced again, the sheath, which is
still over the wire, is advanced first, and the IVUS
probe follows within the sheath.
Perprocedural target site identification and landing
zone determination with IVUS is shown schematically
in Figure 1 for an abdominal aorta with infrarenal
aneurysm, with several schematic cross-sections
(left), and corresponding clinical IVUS views (right).
The target site identification process with IVUS is now
fairly standardized and starts, once the IVUS probe is
within the abdominal aorta, with the identification of
the left renal vein which is a quite reliable landmark
because of its respiration dependant venous pulse.
The renal arteries can be expected close, often slightly
above the left renal vein. In our hands, it is routine to
identify the celiac trunk, and the superior mesenteric
artery with IVUS under fluoroscopic control prior to
the marking of the most caudal renal artery, which is
not necessarily at the same level as its contralateral
Fig. 1. Perprocedural target site identification and landing zone determination with IVUS: Schematic view (CAD drawing) of an abdominal
aorta (center) with infrarenal aneurysm, several schematic cross-sections (left), and corresponding clinical IVUS views (right): renal vein (1)
and renal artery orifices (top: 2, 3), distal end of proximal neck (second from the top), aneurysm with mural thrombus (third from top: 4),
iliac artery (bottom).
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is placed at the distal end of the proximal neck. And a
third marker is positioned at the distal end of the
aneurysm or the aortic bifurcation respectively.
In addition to identification of the proximal and distal
landing zones, IVUS allows also for perproced-
ural assessement of the transversal and longitudinal
dimensions of all, the aortic lesions and the proximal
and distal neck. IVUS is also a valid tool for neck
wall quality assessment as wall thickness, wall irregu-
larities, calcification, and clot (Fig. 1) can all be readily
recognized. Once the proximal and distal landing
zones were identified, the covered endovascular stent-
graft was introduced and positioned slightly above
the predetermined level. Adequacy of blood pres-
sure is checked (see below) and the device is
unloaded.
Perprocedural systemic blood pressure control
Prior to aortic endovascular device unloading, mean
systemic blood pressure was temporarily reduced to
40 mmHg for thoracic aortic aneurysm repair and to
60 mmHg for abdominal aortic aneurysm repair, by
means of a short acting vasodilating medication.
For thoracic aortic aneurysms and some complexabdominal aortic procedures we lowered blood pres-
sure by partial inflow occlusion by a venous blocking
balloon catheter holding up to 50 ml, introduced
through the femoral vein through and advanced up
into the right atrium and checked by transesophageal
ultrasonography or by fluoroscopy.
Perprocedural device position assessment with IVUS
Perprocedural endovascular device position assess-
ment with IVUS is performed over the primary
ipsi- or contralateral guide-wire using either of the
intravascular probes mentioned above. Typical IVUS
findings with ipsilateral access, are demonstrated in
Figure 2 where the schematic view of an abdominal
aorta with infrarenal aneurysm after unloading of the
main part of a covered endoprosthesis for aorto-biiliac
repair is shown. The schematic cross-sections illus-
trate the corresponding clinical IVUS views which
are critical for endovascular device positioning.
A contralaterally introduced IVUS catheter, which is
positioned close to the orifice of the short leg of the
endovascular stentgraft (adequate IVUS positioning
may require the angled catheters mentioned above)
can be of great help not only to introduce the contra-
lateral guidewire into the short leg, but also to makeEur J Vasc Endovasc Surg Vol 23, June 2002
Fig. 2. Perprocedural endovascular device position assessment with IVUS: Schematic view (CAD drawing) of an abdominal aorta with
infrarenal aneurysm after unloading of the main part of a covered endoprosthesis for aorto-biiliac repair, schematic cross-sections (left), and
corresponding clinical IVUS views (right): renal vein and uncompromised renal artery orifices (top), distal end of proximal neck with well
sealing body of the endoprosthesis (second from the top), aneurysm with mural thrombus and long leg of the endoprosthesis (third from
top), iliac artery artery with long leg of the endoprosthesis (bottom: chamois), and at the level shown, lack of coaptation between the
endoprosthesis and the vessel wall.5
540 L. K. von Segesser et al.sure (over that guidewire) that it is successfully posi-
tioned within the body of the endovascular stentgraft,
prior to introduction and unloading of the second leg.
Outcome assessment
Aneurysm exclusion with primary seal, adequate
distal perfusion and long term outcome were the end-
points of this study irrespective of the perprocedural
imaging technique used (angiography vs IVUS).
Procedure results were assessed with plain X-ray,
CT-scan, ultrasonography and angiography. For
endovascular thoracic aortic aneurysm repair, the
preferred long term follow-up examination was a
CT-scan whereas the less invasive sonography with
color-duplex imaging was preferred for endovascular
abdominal aortic aneurysm repairs.
Statistics
Parametric variables are expressed as median and
range. Unpaired Students t-test is used for statistical
comparison where appropriate for comparison.Eur J Vasc Endovasc Surg Vol 23, June 2002Comparison of non-parametric parameters is assessed
with Fisher's exact test.
Results
Comparative data for aneurysm morphology
observed in the two analysed groups is given in
Table 1. There are no significant differences between
groups.
A total of 151 endovascular stentgrafts was
implanted in the 80 patients analysed in this series.
Bifurcated grafts account for 48 (71%) patients with
abdominal aortic aneurysms. For patients with infra-
renal abdominal aortic aneurysm, median proximal
neck diameter was 22 mm (range 18±32 mm) and
median proximal neck length accounted for 30 mm
(range 9±60 mm). For bifurcated prostheses, the
median right iliac landing zone measured 14 mm
(range 10±20 mm), and the median left iliac landing
zone measured 13 mm (range 8±20 mm).
The following systems were used: 56 (70%) patients
received Talent5 devices (standard bifurcation
requires two segments; World Medical, Sunrise, FL,
U.S.A.), 12 (15%) patients received Stenway4 devices
Table 1. Aneurysm morphology and outcome of endovascular
repair, according to periprocedure imaging modality: arteriogra-
phy or intravascular ultrasound (IVUS). Median (interquartile





Thoracic 4 (13%) 8 (16%) NS
Abdominal 27 (87%) 41 (84%) NS
Neck diameter 21 mm (18±27) 22 mm (18±32) NS
Neck length 30 mm (15±60) 25 mm (9±55) NS
Contrast medium
used
190 ml (20±350) 0 ml (0±20) p5 0.01
X-ray exposure time 24 min (9±65) 8 min (0±60) p5 0.05
Conversions 1 (3%) 3 (6%) NS
Mortality 2 (7%) 0 (0%) NS
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Fig. 3. Radiopaque contrast medium in ml injected per/patient
(chronologic order): initially (left side) all patients received radi-
opaque contrast medium for peroperative angiography whereas
it's use is exceptional if endovascular ultrasound is available for
imaging (right side).
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Stenford, Nanterre, France: not available any further),
5 (6%) patients received Excluder devices (standard
bifurcation requires two segments; WL Gore Inc,
Sunnyvale, CA, U.S.A.), whereas the remainder of
the patients received various devices from other man-
ufacturers used less frequently or built in house
(n 2).
Median procedure time was 170 min (range 55±
305 min) (Table 1). Radiopaque contrast medium
injected per patient averaged 190 ml. In the earlier
period of this series angiography was the standard
perprocedural imaging technique, whereas for the
more recent period, angiography was only used under
exceptional circumstances like once in case of IVUS
probe failure and once in order to convince an external
expert (not used to our technique) of reliability of the
ultrasonic technique. Group dependant procedure
parameters are shown in Table 1.
In this consecutive series, conversion to open sur-
gery was necessary in 4 (5%) patients. Group depen-
dant outcome parameters are also shown in Table 1.
Hospital mortality was 2 (3%), 1 (2%) for AAA, 1 (8%)
for TAA. Early endoleaks (at discharge) were
observed in 13 (16%) patients: 5 (39%) endoleaks
resolved spontaneously whereas 8 (62%) required
additional procedures. Late conversion was necessary
in 2/80 patients (5%: interval 12 and 24 months; TAA
1/12 patients (8%) for distal progression, AAA 1/68
patients (2%) for device kinking.
Discussion
IVUS is a reliable tool for target site identification,
landing zone measurement, neck quality analysis, per-
procedural quality assessment, and trouble shooting
during endovascular aortic aneurysm repair. In mostcases, perprocedural angiography is not necessary for
endovascular aneurysm repair. Routine use of IVUS
allows to minimize renal load with contrast media, as
well as reduction of exposure to radiation. In fact the
amount of radiopaque contrast medium injected per
patient was zero in 47/80 patients (59%) of the entire
series presented here or 47/49 patients (97%) operated
with IVUS as shown in Figure 3 and demonstrates
well the modified imaging approach over time.
Hence, we do not agree with Lipsitz and colleagues2
who claim that IVUS has only a limited role in EVAR.
As a matter of fact, there are only a few exceptional
circumstances were angiographic assessment became
necessary in patients where IVUS was planned to be
used without angiography. These include failure to
pass an IVUS probe, technical problems with the
IVUS probe/machine (system failure), as well as ima-
ging problems either due to unusual shadowing in
relation to excessive aortic calcifications, or the pres-
ence of multiple polar renal arteries close to the
planned landing zone which have to be clearly identi-
fied in order to be preserved.
In the present series we have used angiographic
imaging in unplanned fashion twice (2/49 patients:
4%). Once for an IVUS probe failure and once in
order to convince an external expert (not used to our
technique) of reliability of the ultrasonic technique. In
both cases excellent angiographic images were
obtained readily using the fluoroscopic equipmentEur J Vasc Endovasc Surg Vol 23, June 2002
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medium through the large bore catheters (8F to 11F)
we normally use for IVUS probe navigation. It has to
be mentioned that the 8F to 11F catheters recom-
mended here, allow for rapid high volume hand injec-
tion of contrast medium without significant resistance,
and that there is no need for an injection pump under
these circumstances. However, if long small bore cathe-
ters (4F, 5F) are used, as they are standard in the catlab,
an injection pump is often necessary to achieve good
opacification of large vessels with high flow.
With regard to outcome of endovascular aortic
aneurysm repair using either peroperative angio-
graphy or IVUS it can be said that there is no signifi-
cant difference between the two groups analysed with
regard to conversion to open surgery, and hospital
mortality. There seem to be less early endoleaks for
IVUS (6.1%) angiography (25.8%: p5 0.05)). However,
it has to be mentioned here that this is not a rando-
mised trial and that the improvement made in endo-
vascular stentgraft design may have influenced these
results. In addition there may be a learning curve
effect, which however impacts both techniques. A
patient selection bias can be excluded because of
the fact, that IVUS was used consistently in the more
recent cases without excluding any of them (see
Figure 3). Compared to the data in the literature, we
can say that the outcome reported here is well in line
with concurrent analyses.9
One of the main advantages of IVUS for perproce-
dural imaging is that the required equipment for
intravascular ultrasound can be installed prior to
intravascular manipulations, and that the operator
does not need additional help to aspirate contrast
medium and to program the dye injection pump and
X-ray imaging unit.
Nowadays, many patients have their aneurysm
detected during abdominal medical imaging in a con-
text not directly related to the vascular system. Once
the diagnosis is made and during work-up for endo-
vascular aneurysm repair, most patients still undergo
multiple examinations including calibrated angio-
graphy, CT-scan and/or MRI. Likewise, during the
implantation procedure of covered stent-grafts,
fluoroscopy in conjunction with angiography seems
to be the predominant approach.6
Hence, due to the necessity of detailed work-up,
endovascular repair of aortic aneurysm is still a time
consuming process if all necessary steps are consid-
ered. This is in sharp contrast to open aneurysm repair
where, once the diagnosis is established and the main
aortic segments and branches involved are identified,
the surgical procedure can in general be carried
through successfully even if the aortic diameters andEur J Vasc Endovasc Surg Vol 23, June 2002aneurismal disease extensions are not exactly known
in their last detail beforehand. Symptomatic and rup-
tured aneurysms are in general approached by the
traditional open surgical technique although endovas-
cular repairs are feasible with good outcome.7 There
are a number of reasons to explain this. First, covered
stent-grafts as we know them today cannot be
trimmed or modified during the procedure to match
a patient specific configuration. As a result, preopera-
tive assessment of the aortic landing zones and their
dimensions as well as appropriate device selection are
of prime importance. Second, aneurysm work-up in
order to determine the configuration of the aneurysm
and the potential landing zones is based as mentioned
above on a number of imaging techniques applied in
serial fashion, and therefore the results are in general
not available in real time despite the fact that fast track
assessment is possible under specific circumstances
like in traumatic aortic injury.8
This traditional approach may change with the
advent of intravascular ultrasound imaging which
allows for the perprocedural study of aneurysm
dimensions, aneurysm neck evaluation, vessel wall
quality assessment, landing zone identification
(branch vessel configuration), device position assess-
ment, and identification of device related problems for
perprocedural trouble shooting. In the vast majority of
cases, perprocedural angiography is no longer neces-
sary for endovascular aneurysm repair. Routine use of
IVUS allows to minimise renal load with contrast
media as well as X-ray exposure time.
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